Objective: To test the validity of a dietary questionnaire which was developed with the particular goal of measuring dietary intake in obese subjects. Design: Reported energy intake was compared with 24 h energy expenditure measured in a chamber for indirect calorimetry (24 EE) and reported nitrogen intake with nitrogen in urine collected during the 24 h in the chamber. Subjects: Twenty-nine overweight men and women, body mass index (BMI) ranging from 25.5 ± 49.5 kgam 2 . Results: Reported energy intake correlated signi®cantly with 24 EE (r 0.50, P 0.006) and reported urinary nitrogen correlated signi®cantly with urinary nitrogen excretion (r 0.56, P 0.0015). Mean reported energy intake AE s.d. was 10.2 AE 3.6 MJ and mean 24 EE AE s.d. was 10.3 AE 1.9 MJ. Although this difference was small and non signi®cant, it indicates some underreporting if one can assume that these overweight subjects are less physically active in the chamber than in free-living conditions. Reported nitrogen intake also suggested underreporting at the group level. However, when the data were analysed at the individual level it was clear that the underreporting errors did not increase with increasing degree of obesity. Conclusions: Previous studies with the SOS dietary questionnaire have demonstrated that it is possible to obtain plausible energy intakes from both obese and nonobese subjects. This present analysis further demonstrates that the questionnaire discriminates overweight subjects with high and low intakes of energy and protein, using unbiased biomarkers to judge validity. These data provide additional support for the usefulness of the SOS dietary questionnaire. Sponsorship: Supported by grants from the Swedish Medical Research Council (05329 and 11653). Descriptors: obesity; energy intake; protein intake; dietary intake; 24 h energy expenditure; urinary nitrogen
Introduction
The problem of underreported energy intake among obese subjects is well known, and has been documented in several studies using the doubly labelled water technique to measure energy expenditure, for example, Prentice et al, 1986) . To address this inherent limitation of most dietary surveys, a questionnaire was developed with particular attention to characterizing dietary patterns among the obese. The purpose was to be able to study dietary intake cross-sectionally and prospectively in large studies such as Swedish Obese Subjects (SOS) (Sjo Èstro Èm et al, 1992) . The validity of the dietary questionnaire has previously been evaluated by means of estimated energy expenditure (measured BMR and reported physical activity level) in obese and nonobese subjects (Lindroos et al, 1993) . These results demonstrated that it is possible to obtain plausible energy intake values from obese as well as normal weight subjects (Lindroos et al, 1993) .
The SOS dietary questionnaire has been successfully administered to participants of the SOS study (Lindroos et al, 1996) as well as to population based controls (Lindroos et al, 1997) . The questionnaire has also been administered to subjects participating in different studies involving 24 h energy expenditure measurements in our metabolic chamber for indirect calorimetry (Henning et al, 1996) . The aims of the current report was to further validate reported energy and nitrogen intake from the SOS dietary questionnaire against measured 24 h energy expenditure and urinary nitrogen in a group of overweight and obese men and women.
Subjects and measurements
Twenty men (see also Karlsson et al, 1998; Stenlo Èf et al, 1996) and 9 women with BMI ranging from 25.5 ± 49.5 kgam 2 (mean BMI AE s.d.: 32.6 AE 6.4) were included in the study. Mean age was 50 AE 11 y (range 16 ± 62 years). Mean values AE s.d. of age, weight, height and BMI are presented in Table 1 .
All subjects completed the SOS dietary questionnaire, which describes usual intake over the last three months (Lindroos et al, 1993) . The dietary questionnaire was completed between 1 ± 7 d before entering the chamber. A few subjects completed the questionnaire in the chamber. An English translation of the questionnaire is published as an appendix to the study by Lindroos et al (1993) .
Twenty-four hour energy expenditure (24 EE) was determined by indirect calorimetry in a metabolic chamber (Henning et al, 1996) . Nineteen of the subjects entered the chamber at noon, whereas the ten men in the study by Stenlo Èf et al, 1996 entered the chamber at 20.00 h. The subjects stayed in the chamber for 25 h and 24 of the hours were used for the calculation of 24 EE. The subjects were instructed to be as active as they wished in the chamber, but no vigorous exercise was allowed. The food served during the chamber hours was provided by the hospital kitchen.
Subjects could freely choose meals and food items within the limits of the hospital kitchen menu. Basal Metabolic Rate (BMR) was measured in the chamber in the morning before any physical activity.
Urine was collected during the 24 h in the chamber. The subjects emptied the bladder before entering the chamber (at noon or at 20.00) and collected the urine for 24 h onwards including the last specimen at noon (20.00 h) the following day. Since the urine was collected in the chamber the collections were expected to be complete and no extra check for completeness was made. Average urine volume collected in the chamber was 2.3 l. Excreted nitrogen was used to calculate protein oxidation and was also compared with reported nitrogen intake (g reported proteina6.25).
In 26 individuals fat free mass (FFM) was estimated from measured total body potassium (Kvist et al, 1990) by assuming that 1 kg FFM contains 64.7 mmol potassium in men (Kvist et al, 1988) and 62.0 mmol potassium in women (Sjo Èstro Èm et al, 1986) .
Results
Mean 24 EE AE s.d. was 10.3 AE 1.9 MJ. This was 1.30 times higher than BMR (7.9 AE 1.5 MJ), a ratio that is similar to other whole-body calorimetry studies with no extra exercise added to the protocol (Goldberg et al, 1991) . Mean reported energy intake was 10.2 AE 3.6 MJ, that is 1% lower than 24 EE (NS). Sixteen percent of the energy came from protein, 34% from fat and 44% from carbohydrates. The correlation between reported energy intake and 24 EE was r 0.50 (P 0.006) and the measurement error based on the squared differences between energy intake and 24 EE was 20.9% ( Figure 1a) (Dahlberg, 1948) . The regression line was not signi®cantly different from the line of identity. When the difference between energy intake and energy expenditure was plotted against mean values of intake and expenditure degree of underreporting was larger among subjects with lower mean values of energy intake and expenditures than in subjects with higher mean values (Figure 1b) (Bland & Altman, 1986) . The difference between reported energy intake and 24 EE was also correlated against BMI. This analysis suggested that under-reporting did not increase with increasing degree of obesity (r 0.17; P 0.39) (Figure 1c ).
Reported energy intake was not signi®cantly correlated with BMI (r 0.29, P 0.12), but correlated with FFM (r 0.59, P 0.0015) in the 26 individuals where body composition was measured. Corresponding correlations with 24 EE was r 0.26 for BMI (P 0.14) and r 0.77 for FFM (P`0.0001).
When reported nitrogen intake from the dietary questionnaire was compared with the single 24 h urinary nitrogen collection in the chamber, the correlation between reported intake and excretion was r 0.56 (P 0.0015), using log 10 transformed nitrogen values (Figure 2a ). Mean AE s.d. reported nitrogen intake was 15.7 AE 6.6 g compared to 15.6 AE 4.7 g for nitrogen excretion (NS). This suggests underreporting of nitrogen intake if dermal and faecal nitrogen losses are considered (Bingham & Cummings, 1985) . A Bland ± Altman plot suggested that underreporting was larger among subjects with lower mean values of nitrogen intake and excretion than among those with higher mean values (Figure 2b ) (Bland & Altman, 1986) . Futhermore, the suggested under-reporting of nitrogen intake did not increase with increasing BMI. In fact, the difference (intake 7 excretion) tended to be positively correlated with BMI (r 0.32; P 0.09) (Figure 2c ).
Discussion
Two previous studies have found that the SOS dietary questionnaire gives plausible energy intake values in both normal weight and obese subjects (Lindroos et al, 1997; Lindroos et al, 1993) . This present analysis further demonstrates that, in a small group of overweight and obese Figure 1 In panel A reported energy intake from the dietary questionnaire is plotted against 24 h energy expenditure. In panel B the difference between energy intake and expenditure is plotted against mean values of energy intake and expenditure. In panel C the difference between energy intake and expenditure is plotted against BMI. It should be noted that the difference in panels B and C is calculated as energy intake minus energy expenditure.
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In the previous validation study reported energy intake correlated signi®cantly with energy expenditure estimated from measured BMR and reported physical activity (Lindroos et al, 1993) , but in the present study reported energy intake showed even higher correlation with energy expenditure measured for 24 h in a metabolic chamber. This may be related to the high validity and reproducibility of the 24 EE measurements (Henning et al, 1996) . To our knowledge there is only one other published study that has demonstrated a positive correlation between reported energy intake and energy expenditure in only overweight subjects (Fricker et al, 1989) . In that study energy expenditure was based on equations and the correlations were rather low (r 0.15 ± 0.21 compared to our r 0.5). However, the following limitations of the present study should be noted. In the comparison between energy intake and expenditure there was no difference between 24 EE and average reported energy intake over the last three months. This ®nding suggests underreporting since physical activity outside the chamber during normal circumstances is likely to be higher than inside the chamber (Prentice et al, 1996) . The degree of underreporting is not possible to estimate because we do not know how much more active these overweight patients are outside the chamber. Furthermore, the comparison between nitrogen intake and excretion is limited by the fact that average reported nitrogen intake over the last three months is compared with nitrogen output from one single 24 hour urine collection. Since the subjects were eating hospital food in the chamber, nitrogen excretion during the time may not be fully representative. However, there is often a time lag before changes in nitrogen intake is re¯ected in nitrogen output (Bingham & Cummings, 1985) . Energy balance during the 24 chamber hours may also have in¯uenced the nitrogen balance. Unfortunately body weight was only measured before and after the chamber in 11 subjects. On average these subjects were weight stable (data not shown).
With these limitations in mind we can, however, conclude that the comparisons between nitrogen intake and excretion, and energy intake and 24 EE showed similar patterns. In addition to showing similar correlations, both protein and energy intakes were on average equal to values obtained in the chamber. Although this equality must in fact be interpreted as overall under-reporting, it is important to note that the individuals with the highest energy intakes probably gave the most accurate energy and protein values. This is in contrast to most other dietary assessment methods where underreporting is more common among subjects with high intakes (Lissner et al, 1989; . However, despite this bias, the present study demonstrates that it is possible to discriminate overweight and obese subjects according to reported energy and protein intake from the dietary questionnaire. Therefore in addition to the previous studies validating the SOS dietary questionnaire in both obese and nonobese subjects, it is also possible to rank a group of only overweight subjects with respect to dietary intake. This suggests that the SOS dietary questionnaire captures food intake that contributes to the higher energy intake associated with obesity. Figure 2 In panel A reported nitrogen intake from the dietary questionnaire is plotted against 24 h urinary nitrogen excretion. In panel B the difference between energy intake and excretion is plotted against mean values of nitrogen intake and excretion. In panel C the difference between nitrogen intake and excretion is plotted against BMI. It should be noted that the difference in panels B and C is calculated as intake minus excretion.
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